Abstract -In this article bending resistance of IPMC has been estimated following a newly proposed Variable Parameters Pseudo-rigid Body model. First an experiment is conducted to study the voltage verses bending characteristics of IPMC and based on the experimental data the IPMC has been modeled through the proposed technique. Simulation has been performed and estimation of bending resistance has been made based on experiment results. It is observed that bending resistance of IPMC increases with input voltages although the changes remain insignificant after certain range.
In the present study IPMC has been modeled following variable parameters pseudo-rigid body modeling technique for estimation of bending resistance. The pseudo-rigid-body modeling technique is employed to simplify the analysis and design of compliant mechanisms. Such model approximates a compliant mechanism by an appropriate, equivalent rigid-body mechanism. The model is based on the fixpin support type of cantilever mode with end-moment loading [6] [7] and its derivation is explained in detail.
Based on the experimentally obtained deflection data and the bending moment generated, IPMC has been modeled to obtain the variable spring constants, characteristic radius factors, pseudo-rigid body angles. The expressions cover practical range of applications using a single equation for each variable. The accuracy of the model is excellent and could be compared with the fixed radius pseudo-rigid body model of IPMC.
Simulations have been performed based on the experimental data and demonstration has been made to estimate the bending resistance of IPMC for various input voltages and the subsequent tip position during bending. The proposed model also validates the results pertaining to the material properties, assumptions taken with the experimental results and the bending moment generated due to input voltage.
Pseudo-Rigid Body Model of IPMC
Pseudo-rigid body modeling technique is used to model the compliant/partially compliant mechanism by an appropriate equivalent rigid-body mechanism [8] . Pseudo-rigid body model of IPMC is dominated by the bending moment generated due to input voltage. It is observed nonlinear bending characteristics of IPMC under potential gradient. Because of this, experimental results are obtained and subsequently IPMC has been modeled using the proposed method to estimate it's bending resistance. An analogy has been drawn that the bending phenomena is equivalent to the same amount of tip deflection that is caused by external bending moment parameters is shown in Figure 1 . Here, the IPMC is replaced by a link with a characteristic pivot located at a length l  from the free end of the IPMC. It is assumed that a circular path can be accurately modeled by two rigid links that are connected at a pivot along the IPMC strip. A torsional spring at the pivot represents the IPMC strip's resistance to bending. Therefore, our main objective is to establish relationship and to estimate the variation of spring constant with input voltages. The location of this pseudo-rigid-body characteristic pivot is measured from the IPMC tip end as a fraction of the IPMC length, where the fractional distance is l  and  is the characteristic radius factor. The product l  , the characteristic radius, is the radius of the circular deflection path traversed by the end of the pseudo-rigid body link. It is also the length of the pseudo-rigid body link. This section will address the newly proposed variable parameters pseudo-rigid body model for estimation of bending resistance. Improvement of the model is based on finding distributed force, variable parameters such as stiffness, pseudo-rigid body angle and characteristic radius factor. Based on these parameters IPMC bending model has been studied and subsequently bending resistance of IPMC has been assessed for various input voltages. Figure 1 shows the correlation among various variables of deflected IPMC with its pseudo-rigid body model. Using figure 1, one can establish the following relationship [6] :
Therefore, using equation (6), one can establish the relationship for variable characteristic radius factor as:
Subsequently, pseudo-rigid body angle is obtained as:
Therefore, bending moment generated at the tip of the IPMC is obtained as:
Hence, the variable spring constant for the IPMC is obtained as:
This spring constant of IPMC measures the bending resistance under potential gradient.
Results and Discussions
Based on the experimentally obtained deflection data of an IPMC actuator (40x5x1 mm 3 ) as shown in Table 1 , numerical simulation has been done and the variable parameters are obtained and plotted. The tip deflections data are taken for 30 seconds for each input voltage. All programs are developed in MATLAB.
A single patch of IPMC of Elastic Modulus 1.2 GPa and mass 0.67 gm has been analyzed and the bending resistance of IPMC has been assessed in terms of spring constants. Figure 2 shows the variation of characteristic of radius factor for different input voltages while Figure 3 shows the change in pseudo-rigid body angles. 
Conclusion
In this article a newly proposed variable parameters pseudo-rigid body model of IPMC actuator has been studied for bending resistance estimation with input voltages. The model is based on the experimental 
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